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Chemistry Division; Argonne National Laboratory
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Abstract-Ohe abundances of uranium and thorium were measured mass
spectrometrically as 1.70 T 0.05 ppm and 6.52 ± 0.2 ppm
respectively in the soil and 2.32 ± 0.07 ppm and 9.06 ± 0.3
ppm respectively in a breccia from Apollo 12. The ratio
235U:238U was 0.007248 ± 0.000018 in the soil and 0.00739 ± 0.0002
in the breccia in agreement with terrestial uranium. The
following upper limits were set on the soil: 239 P < 1 x 10 -9 ppm
and 
244 
P < 6 x 10 11 ppm. No unusual alpha particles or spontaneous
fissions were observed. The 236U:238U in the soil
and breccia were 2 x 10 -7 and 4.4 x 10 -8 , respectively. This
surprising result is under further investigation.
Work supported by the USAEC and NASA Contract T-iO36.
2Introduction
In previous publications (Fields, et
-
al
-
. (1970)) vie reported on the
abundances and isotopic composition of uranium and thorium in Apollo 11
soil and the results of a search for the long lived nuclides, 236U,
244
Pu, and 
247 
Cm and other transuranium isotopes. Two techniques were
utilized; isotopic dilution followed by mass spectrometry and alpha
particle energy analysis. In this paper we report the results of a
similar series of investigations of Apollo 12 soil and breccia samples.
The analytical results are then compared with the earlier Apollo 11 values.
Experimental Procedure and Results
Two samples were received from the Apollo 12 collection, 5 grams of
soil (sample #12070,91) and 5 grams of breccia (sample 1112073,34). The
breccia sample was a one cubic centimeter section from a portion of the
upper end of a larger rock. Figure 1 shows the brecc?a sample and a
white inclusion which appeared to be a homogeneous mineral phase identified
as an anorthositic plagioclase feldspar. The white feldspar section was
removed before we processed the breccia and will be used for other studies
by another group of investigators.. From the information made available
by NASA it cannot be ascertained whether the breccia was from the
interior or the surface of rock 12073.
; 	 A one gram and a three grain sample of the soil and a one grans sample
of breccia were dissolved for analysis. 230Th, 233 U, 236	 242and 2 Cm
traces were added to both one gram samples, but only 
236 
P was added to
the three gram sample. The tracers were required for the :sotopic dilution
.1
3analysis, but the large sample was used for high precision and high
sensitivity mass analysis of the uranium and plutonium and for alpha particle
analysis of thorium, uranium and transplutonium element fractions.
The bulk of Apollo 12 soil dissolved more readily in HF and HC104
than the corresponding Apollo 11 soil, but approximately 5% resisted
further attack by the acid solution. The residue was heated with 15 M
NaOH and then the resulting solid dissolved completely in dilute 1]NO3.
In contrast to this behavior, the Apollo 11 soil dissolved completely in
the initial acid solution.
The chemical procedure employed in separating the various actinide
elements from the solution was described in (Fields, et al. (1970)). The
uranium, thorium, and plutonium fractions contained more inert impurities
than had been encountered in the processing of Apollo 11 material and it
was necessary to add another chemical purification step for each of these
elements to produce a satisfactory sample for mass spectrometric analysis.
Very faint traces of HC10 4 reduce the sensitivity of the mass spectrometric
analyses. Hence, it was necessary to heat the dry sample for 24 hours in
a sand bath at 150 0 -200°C in order to remove the last traces of HC104 used
earlier in the procedure to destroy any organic residues. Additional purification
steps were also added to yield a purer transplutonium element fraction.
Tile isotopic composition of the separated uranium and thorium fractions
from the one gram samples of lunar dust and breccia were measured in the
same 30-cm mass spectrometer- that was used to analyze the Apollo 11 samples.
The uranium and thorium abundances, determined by averaging many mass
spectrometric measurements, are given in Table 1. The reported errors,
based upon standard deviations, came from,  estimates of uncertainties in
4samI)I ing, counting geometry, alpha counting, and mass spectrometry. No
allowance was made for the uncertainties ,n the half - lives of the 233U
0.62 x 10 5
 yrs) and 230Th (8.0 x 104
 yrs) tracers. The reagent blank for
uranium was 0.2% of the sample and the thorium blank was 0.4%.
In order to observe the alpha particles and possible spontaneous
fission decay of thorium, uranium and the transplutonium elements, a
three gram sample of soil was processed with only 236 P added as a tracer.
A portion of the uranium fraction from this sample ^-,as also analyzed for
its isotopic composition in the 30-cm machine (results in Table 2) anri
the bulk of the uranium was used to search for 236U in a special tandem
mass spectrometer capable of determining neighboring isotopes of widely
disparate abundances. The isotopic composition of the one and three gram
samples together with the corresponding Apollo 11 results are summarized
in Table 2. The rather high 236 U content in Apollo 12 soil cannot be
explained at the present time. Contamination in the spectrometer appeared
to be ruled out by a series of natural , uranium runs that showed the
2.,6U to be less than 0.7 x 10
-g
 relative to 33U, and the possibility of
hydride formation was ruled out by the us.e of a high pass energy filter
that usually reduces the lower energy uranium hydride by several orders of
magnitude (Moreland, et al. (1970)) but no change was observed in the
236U 
to 
235
U ratio. A third source of mass 236, 
187
Re 160 2 170 whose mass
is 60 millimass units lower than 
236
U, would have appeared about one-half
a peak-width away from the observed peak, which agreed with a 236U
standard. Additional determinations of 236 U in other samples will
be carried out.
s
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Alpha pulse analysis of the uran •i 1111 fraction from Apollo 12 soil is
shown in Fig. 2. The radioactivity ratio 238U:234U is 1.06 ± 0.02. I.lass
analysis showed no enhancement of 238U, thus eliminating the possibility
that some 238U had been introduced accidently into the sample. The a-lpha
pulse analyzer was carefully calibrated with a sample of terrestial uranium
that gave a radioactivity ratio, 238U:234U of 1.02 ± 0.02.
The rattier surprising ratio of 1.06, differ-inq from our Apollo 11
measurements and the extensive measurements of Rosholt and Tatsumoto (1970)
led us to consider the possibility that the members of the 2381) decay
chain could escape the lunar gravitational field clue to the recoil
energy following alpha or beta decay. While calculations confirmed
the recoil escape possibility, the enrichment of ' 8U required a model
in which the uranium is deposited at grain boundaries of crystals and
is subsequently freed as a very fine dust on the surface of the moon
as the crystalline rucks disintegrated. Under these circumstances the
234
Th in the top 200 A of uranium dust could have escaped from the
lunar surface. This hypothesis was checked experimentally by allowing
the coarser grains from a one gram sample of Apollo 12 fines to settle
through water at greater than 0.17 cm/min. The very fine particles (- 0.1
grams) thus collected and the water used for the wet-sieving were processed
and the isolated uranium was pulse analyzed for 49 days. The resulting
238U:234U radioactivity ratio of 1.05 ± .06 was inconclusive. Perhaps the
alpha recoil loss mechanism might have applicability to other lunar
surface effects where the products of radon decay are involved. If radon
isotopes diffuse out of the lunar.surface some of their daughter nuclei
could be lost through the postulated recoil mechanism and lead, for example,
5
N
6could be deposited with abnormal ratios of isotopes on the very surface
of the moon.
The purified thorium fraction from the three grams of soil was also
alpha Pulse analyzed (f = ig. 3). The ratio of the activities, 232Th:230Th
was 1.240 t 0.034. This result is not 'in agreement with a similar measurement
by Rosholt and Tatsumoto (1971). If the half-lives of 232 T and
238U are 1.41 x 10 10
 yrs and 4.51 x 10 9
 yrs, respectively, then the resultant
mass ratio, 321h: 238U is 3.88 ± 0.11 in good agreement with 3.84 ± 0.09
obtained fr .:m mass spectrometric measurements on other samples of the
soil. The last separation of uranium and thorium could not have occurred
within the last 6 x 10 5
 yrs ago. Earlier thorium pulse analyses (Fields,
et al. (1970)) of the Apollo 11 soil indicated an excess of 227 Th in
the thorium fraction. This anomally was traced to terrestial actnium
contamination in our lanthanum carrier used in the chemical separations,
but no such contamination was detected in the Apollo 12 analysis.
The plutonium fractions from all the samples were analyzed in a 21^0-can
mass Spectrometer. The average results of these analyses, corrected for
background, and a summary of the previous Apollo 11 analyses are presented
in	 Table	 1. The maximum sensitivity of the mass spectrometer was utilized
in setting the upper limit of 6 x 10 -17 grams of
244
Pu/gram of sample
	
I
	 for the Apollo 12 soil.
	
+A	 About 44 mg of fine soil was spread over an area of approximately
1.5 cm 2 , covered with 0.25 mg/cm 2 of aluminum foil, and counted over a
20 day interval for spontaneous fissions. No fissions were observed,
- 4 ling a limit of 0.016 spontaneous fissions per mg of lunar fines per
(. If we take this sample as characteristic of the lunar surface we
v is 1 +..	 ,, It dw
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Table 1. Micrograms (metal wt) of actinide element per
gram of lunar sample.
Apollo
	 11 Apollo 12
soil soil	 breccia
Uranium .591	 ± 0.018	 1.70 i 0.05	 2.41	 ± 0.07
Thorium 2.24	 ± 0.06	 6.52 ±	 0.2	 9.06 0.3
244 f
lu < 9 x 10 -11	 < 6 x	 10 -11	 < 1	 x 10-9
239 fu
< 5	 10 -10	 1 10 -9 	l 10-9x x	 x
2
40 P < 3 x	 10
-10 
	 1.7 x	 10
-10	
-----------
247
Cm <	 1.25 x	 10	 10	 ------ ------	 ------- ----
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Table 2. Isotopic Composition of Uranium in Lunar Samples
Apollo 11	 Apollo 12
soil	 soil	 breccia
U 238	 1	 1	 1
U 236	 < 3 x 10 -9
	200 x 10-9
	44 x 10-9
r
U 35	 .007258
	 .000016
	 .0072.66 ± .000014
	 0.00739 i 0.0002
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Figure Captions
Fig. 1. Breccia sample from Apollo 12 showing white inclusion
(anorthositic plagioclase feldspar).
Fig. 2. Alpha pulse analysis spectrum of uranium fraction from Apollo 12
soil.
Fig. 3. Alpha pulse analysis spectrum of thorium fraction from Apollo 12
soil.
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